
tt Production at the Tevatron I:
Event Selection and Cross Section Measurement

Dugan O’Neil

Simon Fraser University

ICHEP 2006

For the CDF and DØ Collaborations



Outline

The Tevatron Experiments

Top Quark Pair Production and Decay

Top Cross-Section Dilepton

Top Cross-Section Lepton + Jet

Top Cross-Section All-Hadronic

Summary and Conclusions

Dugan O’Neil (Simon Fraser University) tt Production at the Tevatron I: ICHEP 2006 2 / 23



The Tevatron in Run II

Run II began in March 2001

1.96 TeV proton-antiproton

396 ns bunch spacing

Lumi up to
1.6× 1032cm−2s−1
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The Experiments

Top quark measurements rely on the whole detector for electrons,
jets, muons, E/T and b-tagging!
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Data-Taking Status
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Top Quark Production

At Tevatron qq → tt dominates
(∼85%), gg → tt (∼15%)

NLO QCD (12% uncertainty)

6.8± 0.8pb (Kidonakis, Vogt)
6.8+0.7

−0.9pb (Cacciari et al.)

Run I measurement ∼ 25%

Test QCD prediction to at least
theoretical precision, look for
new physics (example tt
resonance).
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Top Quark Decay

Top decay BR defined by
W decays

Dilepton: ee, eµ, µµ,
BR=6%
l+jets: e, µ + jets,
BR=34%
All Hadronic:
BR=46%
Tau: τ + X , BR=14%

Measurements in each
channel, multiple
techniques, 2 experiments
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tt Event Selection

Central, spherical, energetic
Instrumental backgrounds from (eg.) jets faking electrons in
QCD multijet or W+jets
Physics backgrounds from (eg.) di-boson production (dilepton)
Common distinguishing variables:

number of energetic jets, leptons
HT - scalar sum of transverse momenta of a subset of objects
event shape: aplanarity, sphericity
E/T

b-tagging
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Dilepton Channel

3 final states: ee or µµ or eµ

Signature: 2 high-Pt leptons, 2
b-jets, large E/T

Smaller BR than states with
more jets, but distinct signature,
favourable S/B.

Backgrounds:

Z/γ∗ → ee, µµ
Z/γ∗ → ττ
WW/WZ
W+jets
QCD Multijet
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Dilepton Channel Selection

2 leptons (opposite charge)
ET > 20GeV

2 jets, ET > 15GeV

E/T > 25GeV (object < 20◦

and E/T > 50GeV), in/out
of Z window

HT > 200GeV

lepton + track (opposite
charge) ET > 15GeV

at least 1 jet above 20GeV

E/T for ee, µµ in/out of Z
window (15-35GeV)

at least one b-tag

eµ vetoed & combined

CDF Dilepton - 750pb−1

σtt = 8.3± 1.5(stat)± 1.0(syst)± 0.5(lumi)pb

DØ lepton + track (including eµ) - 370pb−1

σtt = 8.6+1.9
−1.7(stat)± 1.1(syst)± 0.6(lumi)pb
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Lepton + Jets Channels

Signature: 1 high-Pt lepton, 2
b-jets, 2 light jets, large E/T

Larger BR, still one high-Pt
lepton

Backgrounds: W+jets, QCD
multijet, Z+jets, Z→ ττ ,
WW/WZ

Use kinematics in NN or
topological discriminant and/or
use b-tag information
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Lepton + Jets Channels - b-tagging CDF

Requirements:

1 isolated lepton
Et > 20GeV
≥ 3 jets Et > 15GeV
E/T > 20GeV
1 b-jet
HT > 200GeV

Cross-check with 2b sample

CDF l+jets with b-tag - 695pb−1

σtt = 8.2± 0.6(stat)± 1.0(syst)pb
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Lepton + Jets Channels - b-tagging DØ

Get cross section via likelihood:

L =
∏
i

P(Nobs
i ,Npred

i (σtt))

Requirements:

1 isolated central lepton
ET > 20GeV
≥ 1 jets Et > 15GeV
E/T > 20GeV
1 or 2 b-jet

D0 l+jets with b-tag - 365pb−1

σtt = 8.1+1.3
−1.2(stat + syst)± 0.5(lumi)pb
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All-Hadronic Channel

Signature: 6 high-Pt jets!, 2 b’s

Large BR

Backgrounds: QCD multijets,
W+jets

No neutrinos! Low E/T ,
reconstruct the whole event.
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Multi-Jet Channel - DØ

Requirements:
6 jets, exactly 2 b-tags (45,25,15GeV)
Do NOT veto on leptons or E/T .
All jets “taggable” (2 tracks point to PV)

DØ Multi-Jet - 360pb−1

σtt = 12.1± 4.9(stat)± 4.6(syst)pb
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All-Hadronic Channel - CDF NEW

Data-driven background
estimation

Cross section extracted from
tags, not events

Requirements:

veto isolated leptons, E/T

6-8 Jets ET > 15GeV
Topological NN on 11
inputs
1 or more b-jet

Njet 6-8

Events 4205

Background 846± 37

tt(σ = 8.3pb) 381± 65

Background + tt 1227± 76

Observed Tags 1233

CDF All Hadronic - 1.02fb−1

σtt = 8.3± 1.0(stat)+2.3
−1.9(syst)± 0.5(lumi)
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Summary

CDF All Hadronic - 1.02fb−1

σtt = 8.3± 1.0(stat)+2.3
−1.9(syst)± 0.5(lumi)
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Summary

Precision cross section measurement now rivals theory (12%
uncertainty)

6.8± 0.8pb (Kidonakis, Vogt)
6.8+0.7

−0.9pb (Cacciari et al.)
CDF combined: 7.3± 0.9pb - 12%

I only sampled the analyses in each channel

Data is still accumulating!
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Backup Slides

Backup Slides
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All-Hadronic Channel - CDF NEW - Details

NN:
∑

ET ,
∑

ET − E 1
T − E 2

T , centrality, aplanarity, min dijet
mass, max dijet mass, min trijet mass, max trijet
mass,E 1

T · sin
2 θ∗1,E

2
T · sin

2 θ∗2, < E ∗
T >3N
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CDF l+jets with b-tagging

σtt =
Nobs − Nbckg

εtt ×
∫
Ldt
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DØ l+jets

L =
∏
i

P(Nobs
i ,Npred

i (σtt))
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DØ All-Hadronic
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